Abstract The aims of this study are to determine the frequency of patients presenting with Meniere's Disease(MD) in an Indian setting, using the American Academy of Otolaryngology-Head and Neck Surgery (AAO) diagnostic criteria, and to describe the clinical and audio vestibular profiles of these patients. The study was based on prospective case series design in the settings of a tertiary referral hospital. The study included all consecutive patients aged between 5 and 75 years presenting with the history of hearing loss, vertigo, tinnitus and or aural fullness as participants, satisfying inclusion and exclusion criteria for MD (AAO 1995) recruited over a 12 month period. Main outcome measures comprised the evaluation of epidemiological profile, clinical features, and results of audio vestibular investigations like Pure Tone Audiometry with and without glycerol, Impedance Audiometry, Electrocochleography (ECohG), Distortion Product Otoacoustic Emission and Electronystagmography (ENG). The results of the study are as follows: The frequency of MD was 15.6%, being commoner in males than females (2.6:1) and occurring more in the age group 40-49 years among males and 30-39 years among females. High frequency tinnitus was commoner than low frequency tinnitus. Extra tympanic ECohG had a positive predictive value of 76% for endolymphatic hydrops. ENG was useful for demonstrating canal paresis pattern of nystagmus in 61%. Indian patients with MD commonly present to tertiary care at the functional level scale of 3. The results of this study revealed that the frequency of MD is not as low in the Indian ENT setting as earlier believed. There is a high chance of missing cases in the routine ENT outpatient clinic setting unless a structured proforma incorporating the AAO 1995 diagnostic criteria is used.
Introduction
Meniere's disease (MD) is a clinical disorder first described by Prosper Meniere in 1861, characterized by fluctuating hearing loss, recurrent spontaneous episodic vertigo, tinnitus and aural fullness. Endolymphatic hydrops is the basic pathology in MD wherein there is dilatation of endolymphatic spaces of membranous labyrinth due to excessive endolymphatic fluid. Currently, the diagnosis of MD is based on the diagnostic criteria set by the Committee on Hearing and Equilibrium, adopted in 1995 by the American Academy of Otolaryngology-Head and Neck Surgery (AAO) [1] . Accordingly, MD is classified into certain, definitive, possible and probable Meniere's disease.
A literature search showed there were no studies that described the clinical and audio vestibular profile of MD in the Indian settings. Therefore this study was done to establish the frequency, clinical and audio vestibular profile of MD in a specialized tertiary care hospital in southern India using the 1995 criteria of the Committee on Hearing and Equilibrium.
Materials and Methods
All patients fulfilling the AAO criteria over a 12 month period attending the audio vestibular out-patient clinic of Christian Medical College Hospital was considered for the study. Inclusion criteria were patients with true episodic vertigo or disequilibrium, fluctuating hearing loss and tinnitus/or aural fullness. Patients with chronic suppurative otitis media of tubotympanic type or atticoantral type, history of head injury, autoimmune disorders, CNS abnormality on oto-neurological examination and investigation, typical benign positional paroxysmal vertigo, vestibular neuronitis, exposure to ototoxic drugs, mental retardation and pregnant or lactating mothers were excluded. The latter group was excluded due to the practical difficulties in performing the battery of audiological tests in this subset of patients.
All patients included were evaluated by an audiovestibular physician using a structured vertigo evaluation form that included a detailed history, complete ENT and oto-neurological examination. Screening tests were done to rule out systemic diseases like dyslipidaemia, diabetes mellitus, thyroid dysfunction and autoimmune disorders. The patients were also subject to the following audio vestibular tests: pure tone audiometry (PTA), PTA with glycerol if hearing loss was present, impedance audiometry, electrocochleography (ECochG), distortion product oto-acoustic emission (DPOAE), electronystagmography (ENG). Data was entered on Excel spreadsheet and analysis of findings was done using SPSS software.
Results
A total of 447 new patients had attended the audio vestibular clinic during the study period among whom 70 (15.6%) satisfied the AAO criteria. Among the 70 patients, 53 were classified as definite MD, 3 had probable and 14 had possible MD as per the AAO criteria (Fig. 1) . Patients ranged from 19 to 70 years, the largest group seen in the 41 to 55 age group (Table 1) . The mean age for males was 45 and 39 years for females. Among the 70 patients, 52 (74%) were males and 18 (26%) were females (M:F 2.6:1).
Majority of the patients had symptoms of Meniere's disease lasting for more than a year. Of the 70 patients, 55 (79%) had typical surrounding rotatory type of vertigo ( Fig. 2) and 15 (21%) had head rotating vertigo. Of the 15 with head rotatory vertigo without the illusion of movement of surrounding, 9 (17%) had definitive MD and 6 had possible MD. 51 patients (71%) had vertigo for more than a year whereas 19 (27%) had these attacks for less than a year.
A history of hearing loss was present in 59 (84%) of the 70 patients (Fig. 2) , of which 27 (45%) had a history of fluctuating hearing loss. Half of the 53 with definite MD had fluctuating hearing loss and among these, 37 (53%) had worsening of hearing in the course of their disease and in 13 (19%) the hearing had remained the same since its onset.
Among the 70 patients, 50 (71%) had aural fullness, among whom 20 patients (40%) had typical ear fullness or pressure at the time of vertigo attack. Seventeen of the 53 with definite MD, (32%) had intermittent aural fullness.
Of the 70 patients, 61 (87%) had tinnitus. 51 (96%) patients with definite MD had tinnitus of whom 12 (21%) had bilateral tinnitus. Tinnitus lasted for more than 3 years in 41 (67%) of the 61 patients. In more than half (59%) it was high pitched, in 25 (41%) it was low pitched and in 23 (38%) it increased during an attack of vertigo. Routine blood investigations showed that a number of patients had associated co-morbidities like low hemoglobin, elevated blood sugars, high cholesterol, high triglycerides and low HDL levels. One patient had high TSH level and one had low TSH level (Fig. 3) . None of the patients had positive serology test for syphilis.
Pure Tone Audiometry showed 12 (17%) patients with hearing loss of the right ear, 16 (23%) patients with hearing loss of the left ear and 29 (41%) patients with bilateral hearing loss. 13 (19%) patients did not have any hearing loss. The commonest pattern of audiogram was the flat type. Among the 57 patients with documented hearing loss, all had glycerol pure tone audiometry test. Positive glycerol test was noted in 25 cases (44%) ( Table 2) .
Among the 53 definite MD patients, 25 patients (44%) had positive glycerol test. Among the 17 without definite Meniere's (3 probable ? 14 possible), only two had glycerol test (as the others did not have hearing loss); of which one had a positive glycerol test. On impedance audiometry, 66 had type A and 4 had C type of tympanogram. 85% patients had normal reflexes and 15% had absent reflex. 60% (n = 42) had absent responses on DPOAE while remaining had normal DPOAE.
Among the 70 patients, 21 had (30%) unilateral abnormal ECochG, 39 (56%) bilaterally abnormal ECochG and 9 (13%) had normal ECochG. Eight patients with possible MD also showed bilateral abnormal ECochG while 9 had normal ECochG. Among the 53 definite MD patients, 52 patients had ECochG test (not done in one). Of the 52, 45 (87%) had a positive ECochG test, 7 (13%) had negative ECochG (Table 2 ); 14 (82%) out of 17 probable and possible Meniere's had a positive test. The positive predictive value calculated was 76% and the negative predictive value was 30%.
Of the 70 recruited, 67 (95.7%) had normal smooth pursuit system, 21 (30%) had right and 8 (11%) had left canal paresis and 14 (20%) had bilateral canal paresis. Among 14 bilateral canal paresis only 9 had definite MD; 16 had right directional preponderance (DP), 15 had left DP and 39 had no DP.
Among the 53 definite MD cases 31 patients (57%) were in stage 3 and 8 (15%) were in stage 4. 27 (39%) were in functional level scale 3 and 23 (32%) were in level 4.
Discussion
MD is a condition which is mainly diagnosed from a detailed history and examination. According to AAO it is a diagnosis by exclusion. A literature search showed that there were no data published in peer reviewed journals showing the incidence or prevalence of MD in a tertiary hospital in a developing country like India. Hence the need to have a comprehensive insight into the various clinical presentations of a not so rare condition formed the basis of this study.
In world literature, the frequency of MD varies widely, with incidence ranging from 10 to 157 [2, 3] per 100,000 in developed countries. The present study found that the frequency of MD in a tertiary level hospital is about 15.6%. However this hospital being a tertiary centre does not reflect the extent of the problem among the general public.
In our study of 70 patients, 53 (75.7%) had definitive MD, 3 (4.3%) had probable Meniere's disease and 14 (20%) had possible MD. Their age ranged from 14-70 years, the mean age for males being 45.84 years while the mean age for females was 39 years. Mizukosh et al. [4] showed that the age distribution peaked at 40-49 years for males, while the peak for females was around 30-39 years [5] . While the age of our patients were similar to elsewhere, we observed a male preponderance which is different from the equal male:female ratio [4] shown in the world literature. However a few reports have also shown a [6, 3, 7] , female preponderance. Our findings could be because the male/female attendance in our audio vestibular clinic also has a male preponderance (2:1) and more men in India seek medical attention than women.
Paparella and Mancini [8] described vertigo in about 91% of Meniere's patients. The typical Meniere's type of vertigo attack seen in our study was 79% (n = 55) while the remaining 15% presented with head rotatory vertigo without illusion of movement of surrounding. It is important to remember that Meniere's patients could present with both typical 'surrounding vertigo' and just 'head rotatory vertigo'.
Literature reports stabilization of hearing loss after a year of deterioration [9] , while our experience has been progressively worsening in half the patients although they had been suffering from the disease for many years. Deterioration of hearing levels are seen initially in the low frequencies especially in patients with unilateral disease [10] . Paparella [11] showed aural fullness in MD is 74.1%. In our study 71% patients had aural fullness with worsening symptoms during the attacks in 42%.
The tinnitus in MD is typically described as low pitched [12] . However in our study high pitch tinnitus was more common than low pitched tinnitus.
A third of our patient had low hemoglobin, elevated sugars, dyslipedaemia and thyroid dysfunction. This may be due to the high incidence of these conditions in the Indian population. Haid et al. [13] have described these as co-morbid factors related to age. Regular screening for thyroid dysfunction is required especially in the elderly age group [14] .
Mayerhof et al. [15] revealed the audiogram pattern was flat in 42%, rising in 7%, peaked in 32%, and sloping downward in the remaining 19%. This observation is similar to what we observed that the flat type was the most common (49%); however the peak type of audiometric pattern was not seen in our patients.
Akioka et al. [16] , found that 47% patients had positive glycerol test in their series. Our study showed 44% of patients had positive glycerol test. This is well correlated with the other studies. This test is time consuming and uncomfortable for the patient and not sensitive enough as a screening test for MD.
In this study 60% of patients had absence of DPOAE which was similar to the study by Cianfrone et al. [17] . The usefulness of this test is very limited in this condition. Electrocochleography has an important role in MD. Gibson et al. [18] found enlarged SP:AP ratio in 62-78% of patients with Meniere's disease. Another study by Chung et al. [19] found sensitivity and specificity of extra tympanic electrocochleography in the diagnosis of MD to be 71 and 96%, respectively. The positive predictive value for ECochG in our study was 76% but the low negative predictive precludes this test from being used to screen out those who do not have MD. In a tertiary care and specialist clinic setting, 76% of ECochG positive patients will have disease. This makes it a good screening tool when combined with history.
Patients are likely to be referred late in the illness to us since 57% presented in stage 3 with 41-70 dB hearing loss and 4 (15%) in stage 4. The functional levels of most patients were level 3 (38.6%) and level 4 (32.9%), both of which would have influenced daily activity. Early diagnosis and treatment could have provided near normal life and may have prevented further progression of the condition.
MD in Indian population seems to have a profile similar to that in Western literature with minor variations. In spite of the established quadrad of symptoms for MD, patients present with varied clinical scenarios making the diagnosis equally confusing. A detailed structured questionnaire has been found to be very useful to identify the particular type of vertigo, detect various associated aggravating factors and to rule out other causes of vertigo. Majority of the patients had a functional level of 3 and 4, making them quite incapacitated to perform their daily routine activities. Early diagnosis, with a keen focus on a proper detailed history, and prompt treatment may prevent further episodes of vertigo, thus enabling them to maintain a better functional quality of life. Thus the role of history taking plays a pivotal role, and having a structured proforma will help the clinician in establishing the cause of vertigo as investigatory tests is at best only complementary in making a diagnosis.
Key Message: Patients with MD constitutes a major group in an otolaryngology clinic. In view of the varied clinical picture a detailed and structured history based on a preformed questionnaire is important to elicit the required diagnosis. Early diagnosis and prompt medical treatment may ensure that the patients maintain a significant period of disease free intervals, thus achieving better functional levels of one or two. Attaining an improved functional level at the earliest would thus enable the patients to maintain a better quality of life.
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